<: UTILITY 
u PATENT APPLICATION 
TRANSMITTAL 

11 
-i 
c> 

( Only for ticw fiofiprovisioncil 
applications 
under 37 CFR 1.53(b)) 


Title of Invention 


System and Method for Generating a Schedule 
BciSGcl on Resource Assignments 


llllllli 


Named Inventor(s) 


Neel^ms-dhtibci JVI&h&pstro ^ 


Attorney Docket 


44431/233237 (JA13237-1531;MS76883.2) 

3 T~ 


Express Mail Label No. 


EL561433406US 





u 



APPLICATION ELEMENTS 


Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Application 
Washington, D.C. 20231 


1 . Fee Transmittal Form 

(Submit an original, and a duplicate for fee 
processing) 

2. □ Applicant claims Small Entity status 

3. Specification, Claims, 

and Abstract Total Pages 50 

4. g| Drawings Total Sheets 7 

5. Oath or Declaration Total Pages 1 

a. □ Newly executed (original or copy) 

b. [x] Copy from prior application (37 CFR 
1.63(d)) 

(for continuation/divisional with Box 16 
completed) 
The entire disclosure of the prior 
application, from which a copy of the oath 
or declaration is supplied under Box 5b, is 
considered as being part of the disclosure of 
the accompanying application and is hereby 
incorporated by reference therein, 
(i) n DELETION OF INVENTORY) 

Signed statement attached deleting 
inventor(s) named in the prior 
application, see 37 CFR 1.63(d)(2) 
and 1.33(b). 

6. □ Microfiche Computer Program (Appendix) 


ACCOMPANYING APPLICATION PARTS 


7. □ Nucleotide and/or Amino Acid Sequence 

Submission (if applicable, all necessary) 

a. [~J Computer Readable Copy 

b. □ Paper Copy (identical to computer 
copy) 

c. □ Statement verifying identity of 

above copies 

8. Assignment: 

a. □ Assignment Papers (cover sheet & 

document(s)) 

b. [x] Assignment is of record in parent 

application No. 08/786,489 

9. □ 37 CFR 3.73(b) Statement 

(when there is an assignee) 

□ Power of Attorney by assignee 

10. □ English Translation Document (if 

applicable) 

11. □ Information Disclosure Statement (IDS) 

PTO-1449 

□ Copies of IDS Citations 

12. [x] Preliminary Amendment 

13. [x] Return Receipt Postcard (MPEP 503) 

(Should be specifically itemized) 

14. □ Certified Copy of Priority Document(s) 

15. n Other: 


16. If a CONTINUING APPLICATION, check appropriate box and supply the requisite information: 

□ Continuation g] Divisional □ Continuation-in-part (CIP) of prior application No: 08/786,489. 


17. CORRESPONDENCE ADDRESS: ^ , 

John M. Briski, Esq. By: r~\&:L f /^IJ> Reg. No. 44,562 
KILPATRICK STOCKTON LLP Date: kf oveifaber"22, 2000 
2400 Monarch Tower Telephone: 4Ck-949-2400 
3424 Peachtree Road, N.E. Facsimile: 404-949-2499 
Atlanta, Georgia 30326 



ATLLIB02 23166 1 



FEE TRANSMITTAL Attorney Docket No. 44431/233237 (JA13237-1530) 

This sheet accompanies a patent application transmittal for the following application: 

Inventor(s): Neelamadhaba Mahapatro 
Filing Date: Herewith 

Title: System and Method for Generating a Schedule Based on Resource Assignments 

The filing fee is calculated as shown below: 
1. FILING FEE: 



SMALL ENTITY LARGE ENTITY 


FOR: 


FEE 


FEE PAID 


FEE 


FEE PAID 


E 


UTILITY FILING FEE 


$355 




$710 


710 




DESIGN FILING FEE 


$160 




$320 






PLANT FILING FEE 


$245 




$490 






REISSUE FILING FEE 


$355 




$710 






PROVISIONAL FILING FEE 


$75 




$150 




SUBTOTAL (1) 


$xxx 




$710 


2. CLAIMS: 

SMALL ENTITY 


LARGE ENTITY 


FOR: 


NO. FILED 


NO. EXTRA 


RATE 


FEE 


RATE 


FEE 


TOTAL CLAIMS 


10-20 = 


0 


x9 = 




xl8 = 




1KDEP CLAIMS 


3- 3 = 


0 


x40 = 




x80 = 




FJ MULTIPLE DI 


.PENDENT CLAIM PRESENTED 


+135 = 




+270 = 




SUBTOTAL (2) 


Sxxx 




$710 


3 ADDITIONAL FEES: 

SMALL ENTITY 


LARGE ENTITY 


FOR 


FEE 


FEE PAID 


FEE 


FEE PAID 




LATE FILING, FEE OR OATH 


$65 




$130 






NON-ENGLISH SPECIFICATION 


$130 




$130 




m 


OTHER 










SUBTOTAL (3) 


$xxx 




$xxx 



TOTAL FILING FEES: $710 

A check is enclosed for the total amount: $710 

£<] Charge any additional fees required under 37 C.F.R. 1.16 or 1.17 to Deposit Account 11-0855. 

KILPATRICK STOCKTON LLP 
2400 Monarch Tower 
3424 Peachtree Road, N.E. 
Atlanta, Georgia 30326 
Telephone: 404-949-2400 



Date: IhZl.&O 




Art Unit: 2761 
Examiner: M. Sofocleous 



Patents 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Neelamadhaba Mahapatro 
Serial No. Not Yet Assigned 
Filed: Herewith 

For: A System and Method for Generating a 

Schedule Based on Resources Assignments 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

This is a divisional application of application Serial No. 08/786/489, filed 
AMENDMENT 

Prior to the initial examination of the above-reference application, please enter the 
follow amendments and consider the appended remarks. 
In the Specification 

Please insert the following text on page 1, line 13. 

—This application is a divisional under 37 C.F.R. § 1.53(b), of pending, prior 
application Serial No. 08/786/489, entitled, "System and Method for Generating a Schedule 
Based on Resource Assignments" filed on January 21, 1997 on behalf of Neelamadhaba 
Mahapatro, and assigned to Microsoft Corporation, which is incorporated herein by reference.-- 



I hereby certify that this correspondence is being deposited with the 
United States Postal Service via Express Mail Label No. 
EL561433406US in an envelope addressed.to: Assistant Commissioner 
for Patents, Washington, DC 2023 1 , on N LK'Sy* he r 32, 2ex jQ 




In the Claims 

Please cancel Claims 1-25 and 36-39 without prejudice. 
Please amend Claim 29 as follows. 

29. (Amended) A computer-readable medium on which is stored a 
computer program for generating a plurality of schedulable assignments for a task, 
[comprising] said program performing the steps comprising [of]: 

receiving a task description for said task, said task description identifying N 
resources assigned to said task where N is a positive integer, a required work-amount 
corresponding to each of said N resources, and one or more scheduling constraints for said 
task: 
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SYSTEM AND METHOD FOR 
10 GENERATING A SCHEDULE BASED 

ON RESOURCE ASSIGNMENTS 



TECHNICAL FIELD 
15 The present invention is generally directed to computer 

programs for generating schedules and, more particularly, relates to a 
method for generating a schedule which is based on resource assignments, 
and optimally uses the available resources to complete a list of tasks. 

BACKGROUND OF INVENTION 

20 Scheduling programs have gained considerable popularity 

among project-oriented professions such as product engineering companies, 
construction firms, and manufacturing plants. Scheduling programs allow 
a project manager to organize and track the development of a project. In 
the most general sense, a scheduling program operates by receiving an 

25 input of project-related information, generating a schedule based on this 
information, and then graphically or in a tabular manner, displaying the 
details concerning the status of the project, projected completion date, 
anticipated delays, etc. 

The critical path method (CPM) of scheduling is used in a 

30 significant number of scheduling programs. CPM scheduling generally 
operates by receiving a list of tasks, each task having varying restrictions 
or constraints, and generating a schedule based on the task restrictions or 
constraints. More specifically, a set of tasks are provided to the scheduling 
program. Each task represents a specific job or discrete amount of work 

35 that must be performed on a project. Additionally, each task has a set of 
restrictions or constraints which dictate when and how long the task should 
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be performed. To generate a meaningful schedule, CPM scheduling 
requires the input of information which identifies when each task is to be 
performed. This information can be provided by specifying constraints 
such as: a start date and a finish date, a start date and a task duration, a task 
duration and a finish date, or a task duration and a start or finish date 
which is dependent upon another task. If this information is not specified, 
the typical CPM scheduling program will assume the start date for each 
task to be the current date, and the duration of the task will default to a 
specific granularity such as one day, one week, etc. 

Linking information concerning one or more of the tasks may 
also be entered. For instance, if a project consists of three tasks (Task 1, 
Task 2, and Task 3), the user may specify that Task 1 must be completed 
before Task 2 and Task 2 must be completed before Task 3. This 
information can be provided in the form of entering a start date for Task 
2, which is equivalent to the finish date for Task 1, or by specifying that 
the start date for Task 2 is dependent upon the completion of Task 1 . The 
latter method is referred to as a link. 

Once the user enters the task information, a CPM scheduling 
program generates a schedule based on the provided task constraints. This 
is accomplished by performing a forward pass in which each task is 
examined. At the completion of the forward pass, a schedule is created that 
starts on the start date of the first task that can be scheduled and satisfies all 
of the provided task constraints. Next, the critical path for the project is 
determined. The critical path can be defined as the longest duration path 
through the network of task dependencies. The critical path is calculated 
by performing a backward pass from the last finish date to the earliest start 
date. 

CPM scheduling programs are most beneficial for projects in 
which the tasks have dependencies on each other. Because of this, they are 
well suited for product-oriented projects which inherently have tasks that 
must be performed in a specific order. As an example, in building a house, 
the tasks of laying a foundation, framing the house, and shingling the 
roofing must be performed in this order. There are, however, many 
situations where the order of performing certain tasks of a project are 
arbitrary. For instance, in publishing a news letter, the order in which the 
articles are written is arbitrary. CPM scheduling programs typically do 
not produce meaningful results when the tasks do not have dependencies. 
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As an example, if the three tasks (Task 1, Task 2 and Task 3) are not 
required to be performed in any specific order (i.e., do not have any 
dependencies), a CPM scheduling program will generate a "flat schedule" 
as illustrated in Schedule Example 1. 
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Schedule Example 1 
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I—Task 2 
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1— -Task 3 
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The problems associated with flat scheduling are evident when 
the tasks are viewed with respect to the resources assigned to the tasks. For 
instance, if a single resource is assigned to each of these three tasks, the flat 
schedule indicates that the resource will be required to work on three tasks 

15 at the i>ame time. This results in "overloading" the resource. 
Alternatively, separate resources (Resource 1, Resource 2 and Resource 3) 
could be assigned to each of the three tasks respectively. This would result 
in a 100% utilization of Resource 2 and Resource 3; however, after the 
completion of Task 1, Resource 1 would be idle. This is referred to as 

20 "under-utilizing" a resource. 

To avoid the generation of a flat schedule by a CPM 
scheduling program, the user is required to enter artificial dependency 
information such as links or start dates. Thus, to avoid the flat schedule 
shown in Schedule Example 1, the user could define the start date of Task 2 

25 as dependent upon the completion of Task 1, and the start date of Task 3 as 
dependent upon the completion of Task 2. For projects with several tasks, 
this process may require a significant amount of effort for the user. Thus, 
there is a need for a scheduling program which can generate a meaningful 
schedule for a set of non-dependent tasks. Furthermore, there is a need for 

30 a scheduling program that can generate a meaningful schedule for a set of 
non-dependent tasks without requiring the input of artificial constraints 
such as start dates or dependencies. 

A schedule in which resources are overloaded and/or under- 
utilized is referred to as an "unbalanced" schedule. As previously 

35 illustrated, CPM scheduling programs are susceptible to producing 
unbalanced schedules. One method that has been developed to address this 
deficiency in CPM scheduling programs is referred to as "leveling". The 
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leveling process operates separately from the CPM scheduling and is 
designed to balance the resource utilization of a schedule. In this process, 
an overloaded resource is identified, and the task or tasks causing the first 
instance of the overload are determined. Next, adjustments are made to the 
5 start and/or finish dates of the task or tasks causing the overload to reduce 
the resource usage to 100%. Because this adjustment may result in 
changing the critical path, each time a leveling adjustment is made, the 
critical path must be recalculated before further leveling adjustments can 
be performed. Thus, for each leveling adjustment, a forward pass is 

10 performed to reschedule the tasks, and a backward pass is performed to 
recalculate the critical path. Depending on the number of tasks and the 
amount of overloading, this process can require a significant amount of 
iterative processing which wastes valuable processor time. Thus, there is a 
need for a method of scheduling which produces a balanced schedule. 

15 There is also a need for a method of scheduling that efficiently and quickly 
produces a balanced schedule which maximizes the use of the available 
resources. 

CPM scheduling programs operate on a task-oriented basis. A 
problem that results from task-oriented scheduling is the tendency to 
20 under-utilize the available resources. The following example is illustrative 
of this problem. If the following information is provided to a CPM 
scheduling program: 

Resource 1 (Rl) is assigned to Task 1, 

Resources 1 and 2 (R1,R2) are assigned to Task 2, and 
25 Resource 2 is assigned to Task 3, 

upon completion of the scheduling process, the schedule shown 
in Schedule Example 1 would be created. Next, upon completion of the 
leveling process, a possible outcome of the schedule is shown in Schedule 
Example 2. 

30 





schedule Example 2 


1 Task 1 (Re- 
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1— Task 2 (R1,R2)— 1 




I Task 3 (R2) 1 
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In Schedule Example 2, Task 2 has been scheduled to start 
upon the completion of Task 1 and Task 3 has been scheduled to start upon 



the completion of Task 2. Task 2 is scheduled to begin after Task 1 in 
order to avoid overloading of Resource 1. This results, however, in 
under-utilizing Resource 2, which is not scheduled during the time 
Resource 1 is working on Task 1 . This under-utilization occurs as a result 
5 of using task-oriented scheduling. CPM scheduling with leveling would not 
allow Resource 2 to be scheduled to work on Task 2 in parallel with 
Resource 1 working on Task 1 because that would appear to overload 
Resource 1. 

A second possible schedule that could result from the input 
10 information provided above is shown in Scheduling Example 3. 



Schedule Example 3 

I Task 1 (Rl) 1 

I— Task 2 (R1,R2) — 1 
15 |1 Task 3 (R2) 1 

In Scheduling Example 3, Resource 2 has been scheduled to 
work on Task 3 in parallel with Resource 1 working on Task 1, and Task 2 
has been scheduled to begin upon the completion of Task 3. In this 

20 schedule, Resource 1 is under-utilized during the time after the completion 
of Task 1 and prior to the start of Task 2. Again, the under-utilization 
occurs as a result of task-oriented scheduling. Because Resource 2 is 
assigned to both Task 2 and Task 3, Task 2 can not begin until the 
completion of Task 3. 

25 An alternative to task-oriented scheduling is assignment- 

oriented scheduling. In Schedule Examples 2 and 3, Task 2 can be viewed 
as consisting of two assignments, one assignment for Resource 1 and 
another for Resource 2. By performing assignment-oriented scheduling in 
Schedule Example 2, Resource 2 could begin working on Task 2 in parallel 

30 with Resource 1 working on Task 1. The resulting schedule is shown in 
Schedule Example 4. 
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Likewise, by utilizing assignment-oriented scheduling in 
Schedule Example 3, Resource 1 can begin work on Task 2 upon the 
completion of Task 1, thereby avoiding the under-utilization of Resource 1. 
Scheduling Example 5 illustrates a schedule that could result from use of 
assignment-oriented scheduling. 



I Task 1 (Re- 



schedule Example 5 

■I 

! Task2(Rl) 1 

I Task2(R2)- 



| Task3(R2) 1 



Thus, to allow for the most efficient allocation of resources, 

15 there is a need for a method to generate a schedule which is assignment- 
oriented rather than task-oriented. There is also a need for a method 
which allows the independent scheduling of individual assignments of a 
task. This is illustrated in Scheduling Example 4 and 5 by splitting Task 2 
into two independent assignments. 

20 CPM scheduling programs schedule tasks linearly, which 

contributes to the under-utilization of resources. Linear scheduling implies 
that once a task is started, work must continue on that task until it is 
completed. Thus, in Schedule Example 2, if the start of Task 2 is 
dependent upon the completion of Task 1, then Resource 2 could not work 

25 on Task 2 in parallel with Task 1 as illustrated in Schedule Example 4. 
Thus, Resource 2 will be under-utilized. An alternative to linear 
scheduling is to view each task as a series of smaller assignments which can 
be performed independently. For example, if the duration of Task 3 is one 
month, then Task 3 can be viewed as four (4) one week assignments or 

30 twenty (20) one day assignments. Each of these assignments can then be 
independently scheduled and Schedule Example 6 could result. 







Schedule Example 6 
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In Schedule Example 6, Task 3 has been subdivided into two 
assignments. The first assignment is performed in parallel with Task 1 to 
avoid the under-utilization of Resource 2 during this period of time. 
Because CPM scheduling utilizes linear scheduling, a CPM-based 
5 scheduling program could not subdivide Task 3 as illustrated. Thus, there 
is a need for a scheduling method which subdivides a task or assignment 
into components which can be individually scheduled, and generates a 
maximum resource utilization schedule based on these components. 

Thus, there are several problems and deficiencies associated 

10 with CPM scheduling programs. Some of these problems, such as flat 
scheduling, can be alleviated by burdening the user with the requirement of 
creating artificial constraints upon the entered tasks. Other problems, such 
as the under-utilization of resources can not be alleviated within the 
constraints of CPM scheduling. Therefore, there is a need for an efficient 

15 method of scheduling that will generate meaningful schedules which 
maximize resource utilization by performing assignment-oriented 
scheduling. 

SUMMARY OF THE INVENTION 

The present invention satisfies the above-described needs by 

20 providing a system and a method for generating a schedule for completing 
the tasks of a project by sequentially scheduling individual assignments for 
a resource in accordance with a resource calendar. First information is 
received concerning the resources and the tasks. This information is then 
used as the basis for generating assignments, which can be individually 

25 scheduled to a resource, and a resource calendar that identifies available 
time-slots for each resource. Next, the assignments are sequentially 
scheduled, into available time-slots for the various resources assigned to the 
project. The resulting schedule is a balanced schedule which maximizes the 
utilization of the available resources. 

30 One aspect of the present invention is a system and a method 

for generating assignments for a task and individually scheduling the 
assignments to a resource. In one embodiment, the assignments are 
generated based upon the task constraints associated with each task. The 
task constraints must identify the resources that are assigned to a task and 

35 either a required work-amount for each of these resources or a total work- 
amount for the task. The assignments are generated by dividing each task 
by the number of assigned resources and then identifying which resource is 
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associated with which assignment. Next, the work-amount is identified for 
each assignment. One method to identify the work-amount is to equate the 
work-amount for each assignment to the work-amount identified in the task 
constraints. Another method is to divide the total work-amount for the 
5 task by the number of assignments and to set the work-amount for each 
assignment to this value. This aspect of the invention is advantageous 
because scheduling on an assignment basis allows resources to be scheduled 
at maximum utilization. 

Another aspect of the present invention is a system and a 

10 method for generating a schedule which represents the order for a group 
of available resources to complete the tasks required for a project. First, 
input information is received which identifies the available resources and 
tasks that must be performed by these resources. A resource calendar 
identifies the resources available to work on a project and any constraints 

15 that are associated with the resources. A task list identifies the tasks that 
must be performed and any constraints that are associated with the tasks. 
At a minimum, the constraints associated with the tasks must identify each 
of the resources assigned to the task, and the work-amount that each 
resource must perform. Next, assignments are generated for each of the 

20 tasks. Each of the assignments must identify a specific resource and the 
work-amount required by the specific resource. Finally, each of the 
assignments are scheduled in accordance with the provided resource 
constraints identified in the resource calendar. 

Alternative embodiments of the present invention may provide 

25 additional resource and task constraints. In one embodiment, the resource 
constraints can identify time-slots in which each of the resources are 
available to work on assignments. In another embodiment, the resource 
constraints can identify the earliest date that each of the resources are 
available to work on the assignments. In addition the task constraints can 

30 include one or more scheduling constraints which may limit the manner in 
which the assignments are scheduled. 

The scheduling process of the present invention can be 
performed in several ways. In one embodiment of the present invention, 
the resource constraints identify time-slots for the resources. The time- 

35 slots are spans of time that assignments can be scheduled to the resources. 
The scheduling process then includes sequentially selecting each of the 
assignments which identify a particular resource, and associating the 



assignments with the first available time- slot in the resource calendar for 
that particular resource. After all of the assignments for that particular 
resource have been schedule, the process is repeated for each of the other 
resources. This process results in maximizing the utilization of the 
5 resource by eliminating idle times. 

In another embodiment, the task constraints include at least 
one scheduling constraint which is used as a basis for placing the 
assignments into a scheduling order. The scheduling process then includes 
sequentially selecting the assignments in accordance with the scheduling 
10 order. 

In yet another embodiment, the task constraints include one or 
more scheduling constraints. The assignments are then placed into groups 
based on a function of the scheduling constraints. Furthermore, a priority 
is assigned to each group based on another function of the scheduling 

15 constraints. Finally, each assignment in each group is ordered based on a 
specific function of the scheduling constraints identified for each group. 

In still another embodiment, four functions are used to place 
the assignments into one of four groups. The first function forms a first 
group by selecting assignments of tasks with a scheduling constraint which 

20 identifies a date on which the task must start. The second function forms a 
second group by selecting assignments of tasks with a scheduling constraint 
which identifies a date by which the task must be completed. The third 
function forms a third group by selecting assignments of tasks which are 
not dependent on the completion of any other tasks. The fourth function 

25 forms a fourth group by selecting all of the remaining assignments. 

The scheduling process for the above-described embodiment 
could include scheduling each of the assignments in the following manner. 
First, scheduling the assignments in the first group into a time-slot for the 
assigned resources which correspond with the date that the assignments 

30 must begin. Then, scheduling the assignments in the remaining groups by 
selecting an assignment from the third group and scheduling the selected 
assignment if: (1) there are no assignments in the fourth group with a 
higher priority; and (2) there are no assignments in the second group that 
could not be finished by the required date if the selected assignment is 

35 scheduled. If condition (1) is not valid, then the scheduling of the 
assignment selected from the third group is postponed. If condition (2) is 
not valid, then the assignments in the second group that could not be 
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finished will be scheduled before the selected assignment is scheduled. In 
addition, if all of the assignments for a task have been scheduled, then any 
tasks that are dependent on the scheduled task are examined. If it is 
determined that any of these tasks are not dependent on any other 
5 unscheduled tasks, then all of the assignments for these tasks which are 
currently in the fourth group are moved to the third group. This process 
continues until all of the assignments have been scheduled. 

In view of the foregoing, it will be appreciated that the present 
invention provides the advantage of generating a schedule which maximizes 

10 the utilization of available resources. It will also be appreciated that the 
present invention provides the advantage of generating a schedule which is 
assignment-oriented rather than task-oriented. It will also be appreciated 
that the present invention can generate a meaningful schedule for a set of 
non-dependent tasks without requiring the input of artificial constraints 

15 such as start dates or dependencies. It will also be appreciated that the 
present invention generates a balanced schedule. Furthermore, the present 
invention efficiently and quickly generates a balanced schedule which 
maximizes the utilization of available resources. It will also be appreciated 
that the present invention subdivides a task or assignment into components 

20 which can be individually scheduled, and generates a maximum resource 
utilization schedule based on these components. 

These and other aspects, features, and advantages of the 
present invention will be more clearly understood and appreciated from a 
review of the following detailed description of the present invention and 

25 possible embodiments thereof, and by reference to the appended drawings 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional personal computer 
suitable for supporting the operation of the preferred embodiment of the 
30 present invention. 

Fig. 2 is a block diagram illustrating the interaction between 
the preferred computer hardware, the preferred operating system, and an 
application program. 

Fig. 3 is a flow diagram illustrating the five processes (Process 
35 1-5) required in generating a schedule by the preferred program. 

Fig. 4 is a flow diagram illustrating a first embodiment of a 
method for scheduling assignments. 
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Fig. 5 is a flow diagram illustrating a second embodiment of a 
method for scheduling assignments. 

Fig. 6 is a flow diagram illustrating the details of the 
scheduling step 250 of Fig. 5. 

Figs. 7a-e are diagrams illustrating the operation of a portion 
of the method illustrated in Fig. 5. 

DETAILED DESCRIPTION 

The present invention provides a system and a method to 
generate a meaningful schedule that maximizes resource utilization by 
performing assignment-oriented scheduling. The preferred embodiment of 
the present invention is represented by the "MICROSOFT TEAM 
MANAGER" program, a scheduling program published by Microsoft 
Corporation of Redmond, Washington. Briefly described, the preferred 
program allows users to enter information describing available resources 
and tasks, and then generates a schedule based on the input information. 
Advantageously, the preferred program utilizes an assignment-oriented 
approach for generating a schedule, which results in maximizing the 
utilization of resources. The preferred program is able to generate a 
balanced schedule by performing a single pass of the entered data. This 
capability improves the efficiency of the program by eliminating the re- 
iterative processes required by CPM scheduling programs. 

Although the preferred embodiment will be generally 
described in the context of a program and an operating system running on 
a personal computer, those skilled in the art will recognize that the present 
invention also can be implemented in conjunction with other program 
modules for other types of computers. Furthermore, those skilled in the 
art will recognize that the present invention may be implemented in a 
stand-alone or in a distributed computing environment. In a distributed 
computing environment, program modules may be physically located in 
different local and remote memory storage devices. Execution of the 
program modules may occur locally in a stand-alone manner or remotely 
in a client/server manner. Examples of such distributed computing 
environments include local area networks of an office, enterprise-wide 
computer networks, and the global Internet. 

The detailed description which follows is represented largely 
in terms of processes and symbolic representations of operations by 
conventional computer components, including a processing unit (PU), 



12 

memory storage devices for the PU, display devices, and input devices. 
Furthermore, these processes and operations may utilize conventional 
computer components in a heterogeneous distributed computing 
environment, including remote file servers, remote computer servers, and 
5 remote memory storage devices. Each of these conventional distributed 
computing components is accessible by the PU via a communications 
network. 

The processes and operations performed by the computer 
include the manipulation of signals by a PU or remote server and the 

10 maintenance of these signals within data structures resident in one or more 
of the local or remote memory storage devices. Such data structures 
impose a physical organization upon the collection of data stored within a 
memory storage device and represent specific electrical or magnetic 
elements. These symbolic representations are the means used by those 

15 skilled in the art of computer programming and computer construction to 
most effectively convey teachings and discoveries to others skilled in the 
art. 

For the purposes of this discussion, a process is generally 
conceived to be a sequence of computer-executed steps leading to a desired 

20 result. These steps generally require physical manipulations of physical 
quantities. Usually, though not necessarily, these quantities take the form 
of electrical, magnetic, or optical signals capable of being stored, 
transferred, combined, compared, or otherwise manipulated. It is 
conventional for those skilled in the art to refer to these signals as bits, 

25 bytes, words, data, flags, variables, parameters, objects, properties,, tags, 
types, identifiers, values, elements, symbols, characters, terms, numbers, 
points, records, images, files, or the like. It should be kept in mind, 
however, that these and similar terms should be associated with appropriate 
physical quantities for computer operations, and that these terms are 

30 merely conventional labels applied to physical quantities that exist within 
and during operation of the computer. 

It should also be understood that manipulations within the 
computer are often referred to in terms such as adding, comparing, 
receiving, sending, transmitting, replying, etc. which are often associated 

35 with manual operations performed by a human operator. The operations 
described herein are machine operations performed in conjunction with 
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various inputs provided by a human operator or user that interacts with the 
computer. 

In addition, it should be understood that the programs, 
processes, methods, etc. described herein are not related or limited to any 
5 particular computer or apparatus, nor are they related or limited to any 
particular communication network architecture. Rather, various types of 
general purpose machines may be used with program modules constructed 
in accordance with the teachings described herein. Similarly, it may prove 
advantageous to construct a specialized apparatus to perform the method 
10 steps described herein. The specialized apparatus could consist of dedicated 
computer systems in a specific network architecture with hard-wired logic 
or programs stored in nonvolatile memory, such as read only memory, 
magnetic storage devices, or optical storage devices. 

Referring now to the drawings, in which like numerals 
15 represent like elements throughout the several figures, aspects of the 
present invention and the preferred operating environment will be 
described. 

The Operating Environment 

Fig. 1 illustrates a conventional personal computer 10 suitable 

20 for supporting the operation of the preferred embodiment of the present 
invention. As shown in Fig. 1, the personal computer 10 may operate in a 
networked environment with logical connections to a remote computer 1 1 . 
The logical connections between the personal computer 10 and the remote 
computer 11 are represented by a local area network 12 and a wide area 

25 network 13. Those of ordinary skill in the art will recognize that in this 
client/server configuration, the remote computer 1 1 may function as a file 
server or computer server. 

The personal computer 10 includes a processing unit (PU) 14, 
such as the 80486 or "Pentium" microprocessors manufactured by Intel 

30 Corporation of Santa Clara, California. The personal computer also 
includes system memory 15 (including read only memory (ROM) 16 and 
random access memory (RAM) 17), which is connected to the PU 14 by a 
system bus 18. The preferred computer 10 utilizes a BIOS 19 (Basic 
Input/Output System), which is stored in ROM 16. Those skilled in the art 

35 will recognize that the BIOS 19 is a set of basic routines that helps to 
transfer information between elements within the personal computer 10. 
Those skilled in the art will also appreciate that the present invention may 
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be implemented on computers having other architectures, such as 
computers that do not use a BIOS, and those that utilize other 
microprocessors, such as the "MIPS" or "POWER PC" families of 
microprocessors from Silicon Graphics and Motorola, respectively. 
Additionally, the present invention is not limited to computers that utilize 
ROM or RAM for system memory. Other technologies such as 
electronically programmable ROM (EPROM), ultra-violet light erasable 
and electronically programmable ROM (UVEPROM), electronically 
erasable and programmable ROM (EEPROM), FLASH and bubble 
memory may also be used. 

Within the personal computer 10, various devices may be 
connected to enhance the utility and performance of the personal computer. 
A local hard disk drive 20 may be connected to the system bus 18 via a 
hard disk drive interface 21. A floppy disk drive 22, which is used to read 
or write a floppy disk 23, may be connected to the system bus 18 via a 
floppy disk drive interface 24. A CD-ROM drive 25, which is used to read 
a CD-ROM disk 26, may be connected to the system bus 18 via a CD-ROM 
interface 27. A user enters commands and information into the personal 
computer 10 by using input devices such as a keyboard 28, and/or pointing 
devices such as a mouse 29. Typically, these input devices are connected to 
the system bus 18 via a serial port interface 30 or a parallel port interface 
(not shown in Fig. 1). Other types of pointing devices (not shown in Fig. 
1) include track pads, track balls, pens, head trackers, data gloves, and 
other devices suitable for positioning a cursor on a computer monitor 31. 
A monitor 31 or other type of display device may be connected to the 
system bus 18 via a video adapter 32. 

The personal computer may be connected to a network of 
other computers or devices. A remote computer 11 in a networked 
environment is connected to a remote memory storage device 33. This 
remote memory storage device 33 is typically a large capacity device such 
as a hard disk drive, CD-ROM drive, magneto-optical drive, or the like. 
The personal computer 10 may be connected to the remote computer 1 1 by 
a network interface 34, which is used to communicate over the local area 
network 12. 

The personal computer 10 may also be connected to the 
remote computer 11 by a modem 35, which is used to communicate over 
the wide area network 13, such as the Internet. The modem 35 is 
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connected to the system bus 18 via the serial port interface 30. The modem 
35 also can be connected to the public switched telephone network (PSTN) 
or community antenna television (CATV) network. Although illustrated in 
Fig. 1 as external to the personal computer 10, those of ordinary skill in 
5 the art will quickly recognize that the modem 35 may also be internal to 
the personal computer 11, thus communicating directly via the system bus 
18. It is important to note that connection to a remote computer 11 via 
either the local area network 12 and the wide area network 13 is not 
required, but merely illustrates methods of providing a communication 

10 path between the personal computer 10 and the remote computer 11. 

Although other internal components of the personal computer 
10 are not shown, those of ordinary skill in the art will appreciate that such 
components and the interconnection between them are well known. 
Accordingly, additional details concerning the internal construction of the 

15 personal computer 10 need not be disclosed in connection with the present 
invention. 

Those skilled in the art will understand that program modules 
such as an operating system 36, application programs 37a-n, and data are 
provided to the personal computer 10 via computer-readable media. In the 

20 preferred computer, the computer-readable media include the local or 
remote memory storage devices, which may include the local hard disk 
drive 20, floppy disk 23, CD-ROM 26, RAM 17, ROM 16, and the remote 
memory storage device 33. In the preferred personal computer 10, the 
local hard disk drive 20 is used to store data and programs, including the 

25 operating system and programs. The application programs 37a-n t may 
include commercially available utilities, public domain software utilities, 
computer games, etc. The preferred embodiment of the present invention, 
a scheduling program, is an example of one such application program. 
The Operating System 

30 Fig. 2 is a simplified block diagram illustrating the interaction 

between the preferred computer hardware 50, the preferred operating 
system 36, and an application program 37a. Referring now to both Figs. 1 
and 2, when the personal computer 10 is turned on or reset, the PU 14 is 
forced to begin program execution at a specific memory location in the 

35 ROM 16. This specific memory location corresponds to the beginning of 
the bootstrap routine contained in the BIOS 19. The bootstrap routine 
functions to load the operating system 36 from the hard disk drive 20 into 
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the RAM 17. Once the operating system 36 is loaded into RAM 17, the PU 
14 executes instructions of the operating system 36 and causes the visual 
elements associated with the user interface of the operating system 36 to be 
displayed on the monitor 3 1 . 
5 The operating system 36, in conjunction with the BIOS 19 and 

associated device drivers, provides the basic interface between the 
computer's resources, the user, and the application program 37a. The 
operating system 36 interprets and carries out instructions issued by the 
user and/or application program(s). For example, when the user wants to 

10 load an application program 37a, the operating system 36 interprets the 
instruction (e.g., double clicking on the application program's icon) and 
causes the PU 14 to load the program code into RAM 17 from either the 
local hard disk drive 20, floppy disk 23, CD-ROM 26, or the remote 
memory storage device 33. Once the application program 37a is loaded 

15 into the RAM 17, it is executed by the PU 14. For larger programs, the 
operating system 36 causes the PU 14 to load various portions of program, 
or program modules, into RAM 17 as needed. In addition, several 
application programs (37a-n) can be loaded into RAM at the same time. In 
this scenario, the operating system 36 will switch the PU 14 execution time 

20 between applications based on user requests, application program request, 
or by a time-sliced allotment of the processing time of PU 14. 

The operating system 36 provides a variety of functions or 
services that allow an application program 37a to easily deal with various 
types of input/output (I/O). This allows the application program 37a to 

25 issue relatively simple function calls that cause the operating system 36 to 
perform the steps required to accomplish various tasks, such as displaying 
text on the monitor 31 (Fig. 1) or printing text on an attached printer (not 
shown). Generally described (with reference to Fig. 2), the application 
program 37a communicates with the operating system 36 by calling 

30 predefined functions provided by the operating system 36. The operating 
system 36 responds by providing the requested information in a message, 
by executing a requested task, and/or by communicating with necessary 
hardware components 50. 

From this brief description, it should be appreciated that 

35 operating systems, such as "WINDOWS 95" and "WINDOWS NT", are 
quite complex and provide a wide variety of services that allow users and 
programs to utilize the resources available in the personal computer. 
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Those skilled in the art will be familiar with operating systems and their 
various features, which include, but are in no means limited to, the specific 
messages and functions described above. For more comprehensive 
information regarding the "WINDOWS 95" and "WINDOWS NT" 
5 operating system and its interaction with programs, the reader may refer to 
any of a variety of publications, including the "Win32 Programmer's 
Reference" and "Advanced Windows" published by Microsoft Press. 

The preferred embodiment of the present invention is 
implemented in "MICROSOFT TEAM MANAGER" for "WINDOWS 97". 
10 It should be understood that the present invention can readily be 
implemented in other applications running under other operating systems, 
such as Microsoft Corporation's "Windows 3.1", IBM Corporation's 
"OS/2", UNIX based operating systems and the operating system used in 
"MACINTOSH" computers manufactured by Apple Computer, Inc. 

15 

Operation of the Preferred Program 

The preferred program accepts the input of information 
describing tasks that must be performed and resources which are assigned 
to these tasks. Next, the preferred program generates a schedule which 
20 optimally utilizes the resources to complete the tasks. In the most general 
sense, the preferred program can be described as consisting of five (5) 
processes. Fig. 3 is a flow diagram illustrating the five (5) processes 
required in generating a schedule by the preferred program. 

Process 1: Receiving Input Information 

25 Process 1 consists of receiving input information from a user 

or other source such as a magnetic medium. Two categories of 
information are required: resource information and task information. The 
resource information describes each resource that is available for the tasks 
of the project. The resources can include humans, specimens, equipment, 

30 office space or any other item that is required to perform the task. The 
only requirements imposed on the resource information are that each 
resource must be identified, and each time period in which the resource is 
available for scheduling must be provided. Optionally, other information 
may be provided to further describe the resource, such as the efficiency of 

35 the resource, special expertise, preferred work types, preferred work 
times, resource priorities, and other such information. This additional 
information can easily be incorporated into the preferred program and the 
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preferred program is not limited to any specific set of information 
concerning the resources. 

The task information identifies each of the tasks to be 
performed and any task constraints associated with these tasks. The task 
5 constraints must include the identification of each resource that is assigned 
to the task and the duration or work-amount that is required of the 
resource for that task. Optionally, the task information can include other 
information, such as scheduling constraints, to further describe the tasks. 
This information is optional because it is superfluous for the operation of 

10 the present invention. In contrast, CPM scheduling techniques, as 
previously mentioned, require the input of information which can identify 
the starting and ending dates of each task. In the absence of this 
information, CPM scheduling programs may generate a flat schedule, and 
at best, an unbalanced schedule. The preferred program, however, will 

15 generate a balanced schedule even if this information is not provided. 

Several types of scheduling constraints may be included, some 
of which are described in Table 1 . 
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Table 1. Scheduling Constraints 



SCHEDULING 
CONSTRAINTS 


DESCRIPTION 


must-finish-by 


Indicates the date on which a task must be 
completed. 


dependencies 


Indicates that the start date or completion date of 
one task (dependent task) may be determined by 
the start or completion date of another task 
(predecessor task). 


start- on 


Indicates the date at which a task must start. 


start-on-or-after 


Indicates the date at which a task must start on or 
after. 


task priority 


Indicates a priority level that has been assigned to 
a task, such as high, medium, or low. 


assignment limit 


Indicates limitations in assigning a resource to a 
task and may take the form of "no more than", no 
less than", "exactly", etc. (e.g., Resource 1 can 
work on Task 1 no more than X hours per day 
and no less days Y days per week) 


creation 


Identifies the date and time at which a task was 
created or provided to the scheduling program. 



It should be clear to the reader, that the numbers, types and 
combinations of scheduling constraints are limitless. Any of the identified 

5 scheduling constraints and others can be incorporated in the preferred 
program. Therefore, the present invention is not limited to any specific set 
or subset of scheduling constraints. 

Once the resource and task information have been entered, the 
preferred program generates a resource calendar. The resource calendar 

10 is used for presenting the resource information to the remaining processes 
in a usable format. The specific format utilized for this information is 
arbitrary. For instance, one method is to provide a single calendar 
containing all of the resource information. Another method is to provide a 
separate calendar for each resource. Furthermore, the granularity of the 

15 calendar can vary depending upon the specific type of application. Thus, 
the granularity of the calendar can be in weeks, days, hours or any other 
granularity or combination of two or more. The length of the calendar can 
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also vary depending on the type of application. Thus, it is anticipated that 
calendars spanning weeks, months, years, etc., can be generated and 
utilized within the constraints of the present invention. In an exemplary 
embodiment, the resource availability information is entered by modifying 
5 or defining a calendar for each resource. The resource calendar for an 
exemplary embodiment utilizes a granularity of fifteen (15) minutes and a 
span of six (6) months from the first date the resource is available. Thus, 
in an exemplary embodiment, Process 1 includes receiving a resource 
calendar and task constraints. 

10 Process 2: Generate Assignments 

Process 2 consists of generating assignments for each of the 
tasks and each resource assigned to those tasks. This process consists of 
breaking each task (parent task) into its component assignments. The 
component assignments can then be independently scheduled as described in 

15 the following processes. This approach is different from CPM scheduling 
methods, which schedule an entire task rather than component assignments. 
The component assignments can be defined in several methods. One 
method is to define a component assignment as the work-amount for each 
resource assigned to the parent task. Another method is to define several 

20 component assignments of fixed duration for each resource where the sum 
of each fixed duration is equal to the resource's work-amount. Other 
methods could also be utilized for defining the component assignments, and 
the present invention is not limited to any specific method. 

Each of the component assignments must identify the parent 

25 task of the component assignment, the assigned resource, and the work- 
amount required by the assigned resource or the duration of the 
assignment. Additionally, to ensure that each component assignment can be 
independently scheduled, each of the component assignments should inherit 
the task constraints and scheduling constraints of the parent task. Thus, at 

30 the completion of Process 2, a list of assignments which can be individually 
scheduled are generated. These assignments are then used as input to the 
remaining processes. 

Tables 2 and 3 illustrate the result of one possible 
implementation of this process. The actual results depend on the method 

35 utilized in defining the component parts. This example is provided for 
illustrative purposes only and does not limit the present invention to a 
specific method or a specific data structure. 
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Table 2 shows three tasks (Task 1, Task 2, Task 3), the 
resources assigned each task, and any constraints imposed on the tasks. 
Table 3 shows the assignments generated from the information provided in 
Table 2. Each assignment in Table 3 identifies a resource, a parent task, a 
5 duration, and the constraints associated with the parent task. As a specific 
example, Task 1 in Table 2 results in two (2) assignments in Table 3 
(Resource 1/Task 1 and Resource 2/Task 1). 



Table 2. Tasks 



Task Name 


Assignments 


Constraints 


Task 1 


Resource 1 : 2 days 
Resource 2: 1 day 


Start on 1/1/97 


Task 2 


Resource 1: 5 days 


Start after Task 1 


Task 3 


Resource 2: 5 days 





Table 3. Assignments 



Resource 


Parent Task 


Duration 

(work- amount) 


Constraint 


Resource 1 


Task 1 


2 days 


Start on 1/1/97 


Resource 1 


Task 2 


5 days 


Start after Taskl 


Resource 2 


Task 1 


1 day 


Start on 1/1/97 


Resource 2 


Task 3 


5 days 





10 Process 3: Schedule Assignments 

Process 3 consists of scheduling each of the individually 
scheduled assignments in the assignment list, in accordance with the 
resource calendar or calendars. At least two methods have been identified 
for performing this process. 

15 Fig. 4 is a flow diagram illustrating a first method of Process 

3 for scheduling the assignments. In Step 110, each of the assignments are 
grouped based on their scheduling constraints. The algorithm utilized in 
grouping the assignments can take on any form and can vary with the 
number and types of scheduling constraints provided. As a first example, 

20 if each task has a task priority scheduling constraint, the assignments can be 
grouped based on the value of the task priority. Thus, all assignments with 
a high priority would be placed into a first group, assignments with a 
medium priority would be placed into a second group, and assignments 
with a low priority would be placed into a third group. As a second 
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example, predecessor tasks (i.e., tasks which have one or more dependent 
tasks) may be placed into a first group, dependent tasks which have one or 
more additional dependent tasks may be placed into a second group, 
dependent tasks which have no additional dependent tasks may be placed 
5 into a third group, and independent tasks (tasks which do not have a 
predecessor task or a dependent task) may be placed into a fourth group. 
As a third example, the assignments may be grouped based on the resource 
that is associated with the assignment. Thus, each group would contain all 
the assignments for one particular resource. 
10 In Step 120, the groups of assignments are prioritized. This 

step is used to identify which group of assignments will be scheduled first 
or will be given the highest priority during the scheduling process. This 
step may be eliminated if Step 1 10 is sufficient to define the ordering of the 
groups. For instance, in the first grouping example, the task priority 
15 utilized in identifying the groups may also determine the priority of the 
group. Alternatively, additional resource or scheduling constraints may be 
employed in determining the priority of the groups. For example, if the 
groups are based on assigned resources, such as described in the third 
grouping example, groups associated with resources that have fixed or 
20 limited times of availability may be given higher priority over other 
groups. Thus, if a resource, such as a specialized piece of equipment, is 
only available for the first 3 months of a project, then the assignments 
associated with that resource can be given a higher priority. 

In Step 130, the assignments in each of the groups are given a 
25 priority-order. Similar to the algorithms for identifying the groups in Step 
110, the algorithm utilized in assigning a priority-order can take on any 
form and will vary with the number and types of scheduling constraints 
provided. As an example, for the first grouping example based on task 
priorities, the priority-order of the assignments in each group may simply 
30 consist of the order in which the tasks were created. Alternatively, an 
algorithm can assign a priority-order based on any provided scheduling 
constraints, such as start-on dates, must-finish-by dates and start-on-or- 
after dates. The skilled programmer will recognize that a number of 
algorithms could be developed for performing the grouping, identifying 
35 the priority of the groups, and assigning a priority-order for the 
assignments within the groups. The present invention is not limited to any 
particular algorithm for performing these steps. 
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In Step 140, the assignments are scheduled based on the 
groups, group priority, and the priority-order of the assignments. In this 
process, each assignment in the highest priority group is sequentially 
scheduled in the available time-slots of the resource associated with that 
5 assignment. Alternatively, the scheduling can be performed for one 
resource at a time. In this method, a first resource is selected. Next, the 
highest priority assignment associated with the selected resource is selected 
from the highest priority group. This assignment is then scheduled into the 
next available time-slot for the selected resource. This process continues 
10 until all of the assignments for the selected resource have been scheduled. 
When all of the assignments for a resource have been scheduled, the next 
resource is selected and this process is repeated until all of the assignments 
have been scheduled for each resource. 

Fig. 5 is a flow diagram illustrating the second method of 
15 Process 3 for scheduling the assignments. This method is more specific 
than the method illustrated in Fig. 4. Beginning in Step 210, a first group 
(Group 1) of assignments is formed which consists of all the assignments 
having a start-on scheduling constraint. In Step 220, all of the remaining 
assignments are examined and a second group (Group 2) of assignments 
20 having a must-finish-by scheduling constraint is formed. In Step 230, all 
of the assignments that are not included in Group 1 are examined and a 
third group (Group 3) is formed which consists of independent assignments 
(assignments which do not have a predecessor assignment). The remaining 
assignments are then placed into a fourth group (Group 4). Thus, at the 
25 completion of step 230, four groups of assignments are formed as follows: 
Group 1: all assignments with start-on scheduling constraint; 
Group 2: all assignments without a start-on scheduling 
constraint but have a must-finish-by scheduling 
constraint; 

30 Group 3: all independent assignments that do not have a start- 

on scheduling constraint; and 
Group 4: all dependent assignment that do not have a start-on 
scheduling constraint. 
Furthermore, the reader will identify that Group 1 is mutually exclusive 
35 with Group 2, Group 3 and Group 4. Also, Group 3 is mutually exclusive 
with Group 4. Finally, each of the Group 2 assignments is also included in 
either Group 3 or Group 4. 
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In Step 240, the Group 1 assignments are scheduled. For each 
of the Group 1 assignments, an amount of time is blocked out on the 
resource calendar for the assigned resource. The amount of time blocked 
out corresponds with the work-amount identified for that assignment. If 
5 the assigned resource is not available for the time identified by the start-on 
scheduling constraint, the assignment can either be scheduled earlier in 
time, or scheduled at the identified start-on date with an indication being 
provided that a scheduling conflict is present. Once all of the Group 1 
assignments have been scheduled, processing then continues at Step 250. In 

10 Step 250, the assignments in each of the other groups are scheduled. 

Fig. 6 is a flow diagram illustrating the details of Step 250 for 
sequentially scheduling remaining assignments. Beginning at Point A, if 
any unscheduled assignments are remaining, then Step 251 is performed, 
otherwise, the scheduling process is completed and Process 4 of Fig. 3 is 

15 entered. In Step 251, the next resource is selected as the Current Resource. 
The order of selecting the resources may be based on a priority assigned to 
each resource or it may be performed arbitrarily. Either method is 
supported by the invention and the selection of any one method does not 
limit the invention in any manner. Upon selecting the Current Resource, 

20 processing continues at Point B. 

At Point B, if all of the assignments for the Current Resource 
have been scheduled, then processing returns to Point A. But, if any 
unscheduled assignments remain for the Current Resource, then Step 252 is 
performed. 

25 In Step 252, the next assignment from Group 3 is selected as 

the Current Assignment. The order of selecting assignments from Group 3 
may be based on a priority-order assigned to each assignment in Group 3 
or it may be performed arbitrarily. Either method is anticipated by the 
invention and the selection of any one method does not limit the invention 

30 in any manner. Upon selecting a Current Assignment for the Current 
Resource, processing continues at Point C. 

At Point C, the assignments in Group 4 are examined to 
determine if there are any unscheduled assignments for the Current 
Resource that have a higher priority than the Current Assignment. This 

35 determination can be performed in several ways and any specific method is 
not considered to limit the overall operation of this invention. One 
possible method would be to assign a priority- order to each assignment 
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based on one or more scheduling constraints. For instance, if each tasks 
includes a task priority, the priority-order could be equated to the task 
priority. Alternatively, the order that the tasks were entered may be used 
in making this determination. Another method would be to employ a 
5 heuristic which would assign a priority-order based any scheduling 
constraints that have been provided. For instance, each scheduling 
constraint could be identified with a weighting factor. The heuristic would 
then examine the scheduling constraints associated with each assignment 
and assign a priority value based on the assigned weights of the scheduling 

10 constraints. Regardless of the method employed at Point C, if Group 4 
contains an unscheduled assignments with a higher priority than the 
Current Assignment, then scheduling for the Current Resource is 
suspended and processing continues at Step 251 where the next resource is 
selected as the Current Resource. If the Current Assignment is the highest 

15 priority assignment remaining to be scheduled for the Current Resource, 
the processing continues at Step 253. 

In Step 253, a Current End Date is calculated. The Current 
End Date identifies the latest date of completion of all scheduled 
assignments and under the assumption that the Current Assignment has also 

20 been scheduled. Upon calculating the Current End Date, processing 
continues at Point D. 

At Point D, each of the assignments in Group 2 are examined 
to determine if any assignments for the Current Resource have a must- 
finish-by scheduling constraint that is earlier than the Current End Date. If 

25 so, processing continues in Step 254 where each of these Group 2 
assignments are scheduled prior to continuing at Point E. If there are no 
Group 2 assignments that meet this criteria, then processing continues at 
Step 255. 

In Step 255, the Current Assignment is then scheduled. The 
30 scheduling of the Current Assignment includes identifying the next or 
earliest unscheduled time-slot in the resource calendar for the Current 
Resource. Next, the date associated with the beginning of the next available 
time-slot becomes the start date for the Current Assignment. If the length 
of the time-slot is greater than the work-amount for the Current 
35 Assignment, then a portion of the time-slot containing enough time to 
cover the work-amount is blocked out of the time-slot. If the length of the 
time-slot is less than the work-amount, then the entire time-slot is blocked 
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out. Because only a portion of the Current Assignment is scheduled if the 
time-slot is less than the work-amount, the next unscheduled time-slot in 
the resource calendar for the Current Resource must be identified. This 
process will continue until the entire Current Assignment has been 
5 scheduled. Once the Current Assignment has been scheduled, processing 
continues at Point E. 

At Point E, all of the remaining unscheduled assignments in 
Group 4 are examined to determine if any additional assignments associated 
with the same parent task as the Current Assignment remain unscheduled. 

10 If additional assignments remain, then processing returns to Point B to 
determine if all assignments for the Current Resource have been scheduled. 
However, if the Current Assignment is the last assignment for the parent 
task, then all the assignments associated with any tasks that are dependent 
on the parent task of the Current Assignment are identified. The goal of 

15 this process is to determine if the assignments for any of the tasks in Group 
4 should be moved into Group 3. An assignment should be moved from 
Group 4 to Group 3 when all of the assignments of each predecessor task 
of a Group 4 assignment have been scheduled. Thus, if a Group 4 task is 
dependent only on the parent task which has just been completely 

20 scheduled, then the assignments for the Group 4 task should be moved into 
Group 3 to be scheduled. 

Several methods could be employed for performing this 
function. One method would be to include a predecessor count with each 
assignment. The predecessor count would indicate the number of tasks that 

25 the assignment depends from. Once all of the assignments for a 
predecessor task have been scheduled, the predecessor count for each 
assignment that is dependent upon the predecessor task would be 
decremented by one. When the predecessor count for an assignment 
reaches zero, then the assignment would be moved from Group 4 to Group 

30 3. It is anticipated that other methods for performing this function could 
be utilized and the present invention is not limited to any specific method. 
For illustrative purposes, the use of a predecessor count has been illustrated 
in Fig. 6. 

At point E, if all the assignments for a parent task of the 
35 Current Assignment scheduled in Step 255 or a Group 2 assignment 
scheduled in Step 254 have been scheduled, then processing continues at 
Step 256. 
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In Step 256, the predecessor counts are updated. This step 
consists of identifying all of the tasks that are dependent upon a parent task 
of which all the assignments have been scheduled in either Step 254 or Step 
255. This includes all of the tasks which have a dependency chain that 
5 includes the parent task. For instance, if Task 1 is dependent upon Task 2, 
Task 2 is dependent upon Task 3, Task 3 is dependent upon Task 4, and 
Task 4 is dependent upon the parent task, then Task 1-4 have a dependency 
chain that includes the parent task. Next, the predecessor counts for each 
assignment corresponding to a task which is dependent upon the parent task 

10 of the Current Assignment are decremented. After updating the 
predecessor counts, processing continues at Point F. 

At Point F, if the predecessor counts for any assignments are 
reduced to zero, then processing continues at Step 257. Otherwise, 
processing continues at Point B. 

15 In Step 257, the assignments having a predecessor count of 

zero are removed from Group 4 and placed into Group 3. In addition, if 
the assignments in Group 3 are subject to a priority-order, then the 
assignments are re-ordered with the inclusion of the additional assignments. 

Figs. 7a-e are diagrams illustrating an example of the process 

20 performed in Steps 256-257. Fig. 7a, is a dependency tree diagram for 
four tasks (Task 1 - Task 4). In this example, Task 2 is dependent upon 
Task 1, and Tasks 3 and 4 are dependent upon Task 2. Fig. 7b is a table 
providing pertinent information concerning the Group 4 assignments. Fig. 
7c is a table providing pertinent information concerning the Group 3 

25 assignments. In Fig. 7c, each of the assignments associated with Task 1 
have been scheduled with the exception of Assignment 2. If Assignment 2 
is the Current Assignment, upon scheduling Assignment 2, all of the 
assignments for Task 1 will be scheduled. At this point, the Group 4 
assignments are examined to determine which assignments were dependent 

30 upon Task 1. Because Task 2 is directly dependent upon Task 1, each of 
the predecessor counts for the Task 2 assignments (Assignments 4-7) are 
decremented by one. Furthermore, because Task 3 and Task 4 are 
indirectly dependent upon Task 1 (i.e., they are dependent on Task 2 which 
is dependent on Task 1) then each of the predecessor counts for Task 3 and 

35 Task 4 assignments are decremented by 1. Finally, if the predecessor 
counts of any Group 4 assignments have been decremented to zero, then 
they are moved into Group 3. In this example, the Task 2 assignments 
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(Assignments 4-7) will be moved into Group 3. Figs. 7d-e illustrate the 
results after Assignment 2 has been scheduled. Fig 7d illustrates that 
Assignments 4-7 have been moved into Group 3. Fig 7e illustrates that the 
predecessor counts for Assignments 8-10 have been decremented by 1 but 

5 they remain in Group 4. 

Upon the completion of Step 257, or if processing returns to 
Point B for any other reason, Group 2 and 3 are examined to determine if 
any assignments for the Current Resource remain unscheduled. If an 
unscheduled assignment is detected in Group 3, then processing continues 

10 as described above for Step 252. If there are no unscheduled Group 3 
assignments but one or more unscheduled Group 2 assignments, then the 
Group 2 assignments are scheduled as described above for Step 254. Upon 
completing the scheduling of these Group 2 assignments, processing 
continues at Point E as described above. 

15 If processing returns to Point B when there are no remaining 

unscheduled Group 2 or Group 3 assignments for the Current Resource, 
the processing continues at Point A. As described above for Point A, if 
any unscheduled assignments remain, then a new Current Resource is 
selected in Step 251 and processing returns again to Point B. Thus, the 

20 processing will continue until all of the assignments for each of the 
resources have been scheduled. Upon scheduling all of the assignments, 
Process 4 will be entered. 

Process 4: Display Schedule 

In Process 4, the schedule generated in Process 3 is displayed. 

25 The specific format for displaying the schedule can vary in style and 
content. Furthermore, depending on the purpose for viewing the schedule 
(i.e., the project manager for determining the project status or a resource 
determining which assignment to work on next), the display may be 
customized to suit a particular need. The preferred program provides the 

30 capability of viewing the schedule in several formats and with varying 
levels of detail. Thus, the invention is not intended to be limited to a 
specific format for displaying of the schedule. 

Process 5: Receive Additional/Modified Input 

In Process 5, the preferred program allows the input of 
35 additional information or the modification of previously entered data. 
Upon the entry of additional or modified information, processing returns 
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to Process 2 in order to regenerate the schedule based on the new 
information. 

From the foregoing description, it will be appreciated that the 
present invention provides a method and a system to generate a meaningful 

5 schedule which maximizes resource utilization by performing assignment- 
oriented scheduling for a list of tasks. Although the present invention has 
been described as embodied within a scheduling program, it will be 
appreciated that the present invention can be utilized in any type of 
application performing scheduling functions. Indeed, the present invention 

10 is not limited to any particular application. 

The present invention may be conveniently implemented in 
one or more program modules. No particular programming language has 
been indicated for carrying out the various tasks described above because it 
is considered that the operation, steps, and procedures described in the 

15 specification and illustrated in the accompanying drawings are sufficiently 
disclosed to permit one of ordinary skill in the art to practice the instant 
invention. Moreover, in view of the many different types of computers 
and program modules that can be used to practice the instant invention, it is 
not practical to provide a representative example of a computer program 

20 that would be applicable to these many different systems. Each user of a 
particular computer would be aware of the language and tools which are 
more useful for that user's needs and purposes to implement the instant 
invention. 

The present invention has been described in relation to 
25 particular embodiments which are intended in all respects to be illustrative 
rather than restrictive. Those skilled in the art will understand that the 
principles of the present invention may be applied to, and embodied in, 
various program modules for execution on differing types of computers 
regardless of the application. 
30 Alternative embodiments will become apparent to those skilled 

in the art to which the present invention pertains without departing from its 
spirit and scope. Accordingly, the scope of the present invention is 
described by the appended claims and supported by the foregoing 
description. 



35 



30 

CLAIMS 

I claim: 

1 . A method for generating a schedule for a plurality of 
resources to complete a plurality of tasks, comprising the steps of: 
receiving input information including: 

a resource calendar which identifies the plurality 
of resources and includes a set of resource constraints for each of the 
plurality of resources, and 

a task list which identifies the plurality of tasks 
and includes a set of task constraints for each of the plurality of tasks, each 
of the set of task constraints identifying a plurality of assigned resources 
and a work-amount for each of the assigned resources; 

generating assignments for each of the plurality of tasks, 
each of the assignments identifying a specific assigned resource, a specific 
work-amount required by the specific assigned resource, and a parent task, 
the parent task being one of the plurality of tasks and identifying the 
specific resource; and 

scheduling each of the assignments in accordance with 
the set of resource constraints for the specific assigned resource and the set 
of task constraints for the parent task. 
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2. The method of Claim 1, wherein each of the sets of 
resource constraints identify at least one time-slot and an earliest 
available date for the resource, the time-slots indicating spans of time in 
which at least one of the assignments can be scheduled for the resource. 

3. The method of Claim 1, wherein at least one of the 
sets of task constraints includes an assignment limit scheduling constraint 
for at least one of the plurality of assigned resources, the assignment 
limit scheduling constraint identifying a maximum duration that the 
assigned resource can be scheduled for the task associated with the set of 
task constraints. 

4. The method of Claim 1, wherein at least one of the 
sets of task constraints includes a must-finish-by scheduling constraint, 
the must-finish-by scheduling constraint identifying a date on which the 
task associated with the set of task constraints must be completed. 

5. The method of Claim 1, wherein at least one of the 
sets of task constraints identifies a dependency scheduling constraint, the 
dependency scheduling constraint identifying at least one of the plurality 
of tasks that must be completed before the task associated with the set of 
task constraints can be started. 

6. The method of Claim I, wherein at least one of the 
sets of task constraints identifies a start-on-or-after scheduling constraint, 
the start-on-or-after scheduling constraint identifying a date on which the 
task associated with the set of task constraints must not start before. 
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7. The method of Claim 1, wherein at least one of the 
sets of task constraints identify a start-on scheduling constraint, the start- 
on scheduling constraint identifying a date on which the task associated 
with the set of task constraints must start. 

5 8. The method of Claim 1, wherein each of the sets of 

task constraints identifies a task priority scheduling constraint, the task 
priority scheduling constraint identifying a priority for performing each 
of the plurality of tasks. 

9. The method of Claim 1, wherein each of the sets of 
10 task constraints identify a creation date scheduling constraint, the 

creation date scheduling constraint identifying the chronological order 
that each of the plurality of tasks were entered. 

10. The method of Claim 1, wherein each of the sets of 
task constraints identify a user specified ordering, the user specified 

15 ordering identifying the order for performing each of the plurality of 
tasks. 

11. The method of Claim 1, wherein the work- amount 
comprises a duration for each of the assigned resources to work on the 
assignment. 

20 12. The method of Claim 1, further comprising the steps 

of: 

receiving a new set of resource constraints for at least 
one of the plurality of resources; and 

rescheduling each of the assignments in accordance with 
25 the new set of resource constraints for the specific assigned resource and 
the task constraints for the parent task. 
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13. The method of Claim 1, further comprising the steps 

of: 

receiving a new set of task constraints for at least one of 
the plurality of tasks; and 
5 rescheduling each of the assignments in accordance with 

the resource constraints for the specific assigned resource and the new set 
of task constraints for the parent task. 

14. The method of Claim 1, wherein each of the sets of 
resource constraints identify at least one available time-slot for the 

10 resource associated with the set of resource constraints, the time-slot 
identifying a span of time that the assignments can be scheduled for the 
resource, and the scheduling step further comprises the steps of: 

selecting a first assignment identifying a first assigned 

resource; 

15 associating the first assignment with a first available 

time-slot in the resource calendar for the first assigned resource; 

selecting a next assignment identifying the first assigned 
resource and repeating steps b and c with the next assignment until all of 
the assignments identifying the first assigned resource have been scheduled; 

20 and 

selecting a next assigned resource and repeating steps a-d 
for the next assigned resource until all of the assignments for each of the 
plurality of resources have been scheduled. 
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15. The method of Claim 14, wherein the associating step 
further comprises the steps of: 

identifying the first available time-slot for the first 

assigned resource; 

5 if the first available time-slot has a duration which is not 

less than the work-amount for the first assigned resource, reserving a 
period of the first available time- slot equivalent to the duration of the 
work-amount for the first assigned resource; and 

if the first available time-slot has a duration which is less 

10 than the work-amount for the first assigned resource, reserving the first 
available time-slot, reducing the work-amount by the duration of the first 
time-slot, and repeating steps a-c with the reduced work-amount. 

16. The method of Claim 1, wherein each of the sets of 
task constraints include at least one scheduling constraint, and further 

15 comprising, prior to the scheduling step, the step of ordering each of the 
assignments in accordance with each scheduling constraint of the parent 
task. 

17. The method of Claim 16, wherein the ordering step 
further comprises the steps of: 

20 generating a priority-order for each of the assignments 

in accordance with the scheduling constraints of the parent task; and 

sorting the assignments based on the priority-order. 

18. The method of Claim 17, wherein at least one of the 
assignments has a start-on scheduling constraint, and the generating step 

25 further comprises the step of assigning each of the assignments having 
the start-on scheduling constraint a higher priority-order than all other 
of the assignments. 
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19. The method of Claim 17, wherein each of the 
assignments has at least one weighted scheduling constraint, and the 
generating step further comprises the step of assigning the priority-order 
for each of the assignments as a function of the weighted scheduling 

5 constraints. 

20. The method of Claim 16, wherein the ordering step 
further comprises the steps of: 

placing each of the assignments into one of a plurality of 
groups, each of the assignments being placed into a particular group in 
10 accordance with a first function of the scheduling constraints and each of 
the plurality of groups assigned a priority in accordance with a second 
function of the scheduling constraints; and 

for each of the plurality of groups, ordering each of the 
assignments in each of the groups in accordance with a specific function of 
15 the scheduling constraints associated with the group. 

21. The method of Claim 20, wherein the scheduling 
constraints associated with the highest priority group comprise a start-on 
scheduling constraint. 
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22. The method of Claim 20, wherein each of the 
assignments are placed into at least one of four groups, and the placing 
step further comprises the steps of: 

identifying a first group of the assignments consisting of 
5 each of the assignments having a start- on scheduling constraint; 

identifying a second group of the assignments consisting 
of each of the assignments having a must-finish-by scheduling constraint 
and which are not included in the first group; 

identifying a third group of assignments consisting of 
10 each of the assignments having no dependency scheduling constraints and 
which are not included in first group; and 

identifying a fourth group of assignments comprising 
any of the assignments that are not included in one of the first and third 
groups. 

15 23. The method of Claim 20, wherein the scheduling step 

further comprises the steps of: 

scheduling each of the assignments in the highest 

priority group; 

scheduling each of the assignments in the next highest 
20 priority group; and 

repeating the scheduling steps until all of the assignments 
in each of the plurality of groups have been scheduled. 
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24. A computer-readable medium on which is stored a 
computer program for creating an assignment-oriented schedule, 
comprising the steps of: 

a. receiving input information including: 

5 a resource calendar which identifies resources, 

available time-slots for each of the resources, and an earliest start date for 
each of the resources, and 

a task list which identifies tasks, each of the tasks 
having a set of task constraints, a priority which is a function of the task 

10 constraints, and a predecessor count, each of the sets of task constraints 
identifying assigned resources for the task associated with the set of task 
constraints and a work-amount for each of the assigned resources; 

b. generating assignments for each of the tasks, each 
of the assignments identifying a specific assigned resource, a specific work- 

15 amount, and the task the assignment is generated from as a parent task; 

c. ordering the assignments by: 

1. identifying a first assignment group 
comprising the assignments having a start-on scheduling constraint in the 
set of task constraints of the parent task, 
20 2. identifying a second assignment group 

comprising the assignments having a must-finish-by scheduling constraint 
in the set of task constraints of the parent task, and which are not identified 
for the first assignment group, 

3. identifying a third assignment group 
25 comprising the assignments having a predecessor count with a value of 
zero, and which are not identified for the first assignment group, and 
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4. identifying a fourth assignment group 
comprising the assignments which are not identified for one of the first, 
and third assignment groups, 

d. scheduling each of the assignments in the first 
assignment group into a time-slot for the assigned resource which 
corresponds with the start-on scheduling constraint for the assignment; and 

e. scheduling remaining unscheduled assignments by: 

1. selecting a first resource as a current 

resource, 

2. selecting a first assignment from the third 
assignment group as a current assignment, the current assignment 
identifying the current resource, 

3. if there is an unscheduled assignment in the 
fourth assignment group which identifies the current resource and has a 
higher priority than the current assignment, then select a next resource as 
the current resource and continue at step el, 

4. calculating a current end date based on all 
of the assignments that have been scheduled and the current assignment as 
though it has been scheduled, 

5. if any assignments in the second assignment 
group identify the current resource and have a must-finish-by scheduling 
constraint that identifies a date earlier than the current end date, scheduling 
any such assignments in the second group into the first available time-slot 
for the current resource and continuing at step e7, 

6. scheduling the current assignment in the 
first available time-slot for the current resource, 

7. if all of the assignments having a common 
parent task have been scheduled: 
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decrementing the predecessor counts for 
each of the tasks which are dependent upon the common parent task, and 

moving all of the assignments in the 
fourth assignment group, which have the predecessor count of the parent 
5 task equal to the value of zero, to the third assignment group, 

8. selecting a next assignment from the third 
assignment group as a current assignment, the current assignment 
identifying the current resource, and repeating steps e3 through e8 until all 
of the assignments in the third assignment group which identify the current 

10 resource have been scheduled, and 

9. selecting a next resource as the current 
resource and repeating steps e2 through e9 until all of the assignments have 
been scheduled. 
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25. A computer system for creating an assignment- 
oriented schedule, comprising: 

a processing unit; 
a memory storage device; 
5 an input device coupled to said processing unit for 

receiving information; 

a pixel-based display device coupled to said processing 
unit for displaying data; 

a program module, stored in the memory storage 
10 device, for providing instructions to the processing unit; 

the processing unit, responsive to the instructions of the 
program module, operative to: 

a. receive from the input device, input information 

including: 

15 a resource calendar which identifies resources 

available for scheduling, available time-slots for each of the resources, 

and an earliest start date for each of said resources, and 

a task list which identifies tasks to be 

performed, each of said tasks having task constraints, a priority-order 
20 which is a function of said task constraints and a predecessor count, said 

task constraints including a list of assigned resources for each of said 

tasks, a work-amount for each of said assigned resources, and at least one 

scheduling constraint; 

b. generating assignments for each of the tasks, each 
25 of said assignments identifying a specific assigned resource, a specific 

work-amount, and a parent task; 
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c. scheduling each of said assignments that have a 
parent task with a start-on scheduling constraint, into a time-slot of said 
resource calendar for said specific assigned resource, said time-slot 
corresponding with said start-on scheduling constraint; 
5 d. scheduling each of said assignments not previously 

scheduled by: 

1 . selecting a first resource from the resources 

as a current resource; 

2. if at least one unscheduled assignment exists 
10 which identifies said current resource as said specific assigned resource, has 

a parent task with a predecessor count equal to zero, and has a priority- 
order greater than all other unscheduled assignments which identify said 
current resource as said specific assigned resource and have a parent task 
with a predecessor count greater than zero: 
15 selecting a current assignment from said 

unscheduled assignments which identifies a parent task having 
predecessor count equal to zero and a highest priority-order, 

calculating a current end date based on all 
of said assignments that have been scheduled and said current assignment, 

20 scheduling each of said assignments not 

previously scheduled which identify said current resource as said specific 
assigned resource, identify a parent task having a must-finish-by 
scheduling constraint that is earlier than said current end date and 
identify a parent task with a predecessor count equal to zero, in the first 

25 available time-slot for said current resource, 

scheduling said current assignment in the 
first available time-slot for said current resource, 
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if all of said assignments identifying a 
common parent task have been scheduled, decrementing said predecessor 
counts for each of said plurality of tasks which have a dependency 
constraint identifying said common parent task as a predecessor task, and 

repeating step d2; 
3. if any of said assignments have not been 
scheduled, selecting a next resource from said plurality of resources as said 
current resource and repeating steps d2 and d3 . 
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26. A method for generating a plurality of individually 
schedulable assignments for a task, based upon task constraints associated 
with said task, said task constraints identifying N resources assigned to 
said task where N is a positive integer, and a required work-amount 

5 corresponding to each of said N resources, comprising the steps of: 

dividing said task into N assignments, each of said N 
assignments being associated with one of said N resources; and 

equating a work-amount for each of said N assignments 
to the required work-amount corresponding to said resource associated 
10 with said assignment. 

27. The method of Claim 26, wherein said task constraints 
identify one or more scheduling constraints and further comprising the 
step of associating each of said N assignments with said scheduling 
constraints. 

15 28. The method of Claim 26, wherein said task constraints 

identify one or more scheduling constraints and further comprising the 
step of associating each of said N assignments with said task being 
divided. 
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29. A computer-readable medium on which is stored a 
computer program for generating a plurality of schedulable assignments 
for a task, comprising the steps of: 

receiving a task description for said task, said task 
5 description identifying N resources assigned to said task where N is a 
positive integer, a required work-amount corresponding to each of said N 
resources, and one or more scheduling constraints for said task: 

dividing said task into N assignments, each of said N 
assignments identifying one of said N resources; 
[0 equating a work- amount for each of said N assignments 

to the required work-amount corresponding to said resource identified by 
said assignment; and 

associating each of said N assignments with said 
scheduling constraints for said task. 



15 
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30. A computer system for generating assignments for a 
task, comprising: 

a processing unit; 

a memory storage device; 
5 a program module, stored in the memory storage device 

for providing instructions to the processing unit; 

the processing unit, responsive to the instructions of the 
program module, operative to: 

receive a task description for the task, the task 
10 description identifying N resources assigned to the task where N is a 
positive integer, and a total amount of required work for the task; and 

divide the task into N assignments, each of the N 
assignments identifying one of the N resources. 

31. The computer system of Claim 30, wherein the 
15 processing unit is further operative to set a work-amount for each of the 

N assignments to the total amount of required work divided by N. 

32. The computer system of Claim 30, wherein the task 
description incudes an assignment limit for at least one of the N 
resources, and the processing unit is further operative to set a work- 

20 amount for each of the N assignments in accordance with the assignment 
limits and in a manner that the summation of all of the work-amounts is 
equal to the total amount of required work. 
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33. The computer system of Claim 30, wherein the task 
description includes one or more scheduling constraints for the task, and 
the processing unit is further operative set a work-amount for each of 
the N assignments as a function of the scheduling constraints and in a 

5 manner that the summation of all of the work-amounts is equal to the 
total amount of required work. 

34. The computer system of Claim 30, wherein the task 
description includes one or more scheduling constraints for the task, and 
the processing unit is further operative to associate each of the N 

10 assignments with the scheduling constraints. 

35. The computer system of Claim 30, wherein the task 
description includes one or more scheduling constraints for the task, and 
the processing unit is further operative to: 

associate each of the N assignments with the scheduling 

15 constraints; and 

assign a priority to each of the assignments as a function 
of the scheduling constraints. 
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36. A method for scheduling an ordered list of 
assignments, comprising the steps of: 

receiving a resource calendar which identifies 
unscheduled time-slots available resources; 
5 receiving the ordered list of assignments, each of the 

assignments identifying at least one of the available resources; and 

scheduling each of the assignments in the ordered list of 
assignments into a next unscheduled time-slot on the resource calendar for 
the available resource identified by the assignment. 
10 37. The method of Claim 36, wherein the unscheduled 

time-slots and the assignments have a duration, and the scheduling step 
further comprises the steps of: 

if the duration of the assignment is longer than the 
duration of the next unscheduled time-slot, sub-dividing the assignment and 
15 scheduling each sub-division of the assignment separately in the next 
unscheduled time- slot; 

if the duration of the assignment is not longer than the 
duration of the next unscheduled time-slot, schedule the assignment in the 
next unscheduled time- slot. 
20 38. The method of Claim 36, wherein the resource 

calendar further identifies an earliest available start date for the available 
resources, and the scheduling step further comprises the step of selecting 
the first unscheduled time-slot that is after the earliest available start date 
as the next unscheduled time-slot . 



48 

39. A computer-readable medium on which is stored a 
computer program for generating a schedule for a plurality of 
unscheduled assignments, each of the unscheduled assignments 
identifying at least one of a plurality of resources, a work-amount, a 
priority-order, and one of a plurality of parent tasks, each of the 
resources having a resource calendar identifying available time-slots for 
the resource, and each of the plurality of parent tasks having at least one 
scheduling constraint and a predecessor count, comprising the steps of: 

a. selecting a current resource from the plurality of 

resources; 

b. selecting a current assignment from the plurality 
of unscheduled assignments, the current assignment identifying the current 
resource, identifying a parent task having a start-on scheduling constraint, 
and having a highest priority-order; 

c. scheduling the current assignment in the first 
available time-slot of the resource calendar for the current resource; 

d. identifying the current assignment as scheduled 
and repeating steps b-d if additional unscheduled assignments identifying 
the current resource are remaining; 

e. if additional unscheduled assignments which 
identify a parent task having a start-on scheduling constraint exist, selecting 
a next current resource and repeating steps a-e with the next current 
resource. 

f. scheduling each of the remaining unscheduled 

assignments by: 

1 . selecting a next resource from the plurality 
of resources as the current source; 
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2. if at least one qualifying unscheduled 
assignment exists, the qualifying unscheduled assignments must identify the 
current resource, identify a parent task having a predecessor count equal to 
zero, and have a priority- order greater than any other unscheduled 
assignments which identify the current resource and identify a parent task 
having a predecessor count greater than zero: 

selecting a qualifying unscheduled 
assignment with the greatest priority- order as the current assignment, 

calculating a current end date based on all 
of the assignments that have been scheduled and the current assignment, 

if any unscheduled assignments, which 
identify the current resource and identify a parent task having a must- 
finish-by scheduling constraint that is earlier than the current end date, 
scheduling each such assignment into the first available time-slot for the 
current resource, otherwise, scheduling the current assignment in the 
first available time-slot for the current resource, 

if all of the assignments identifying a 
common parent task have been scheduled, decrementing the predecessor 
counts for each of the plurality of parent tasks which have a dependency 
scheduling constraint identifying the common parent task as a 
predecessor task, and repeating step f2; 

3 . if additional unscheduled assignments exists, 
selecting a next resource from the plurality of resources as the current 
resource and repeating steps f2 and f3. 
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SYSTEM AND METHOD FOR 
GENERATING A SCHEDULE BASED 
ON RESOURCE ASSIGNMENTS 

5 

ABSTRACT OF THE DISCLOSURE 

A system for generating a schedule by generating assignments 
for the tasks of a project and sequentially scheduling the individual 

10 assignments to available resources. First, input information is received 
which includes a resource calendar and a task list. A resource calendar 
identifies the resources available to work on a project and any constraints 
that are associated with the resources. A task list identifies the tasks that 
must be performed and any constraints that are associated with the tasks. 

15 At a minimum, the constraints associated with the tasks must identify each 
of the resources assigned to the task, and the work-amount that each 
resource must perform. Next, assignments are generated for each of the 
tasks. Each of the assignments identifies a specific resource and the work- 
amount required by the specific resource. Finally, each of the assignments 

20 are scheduled in accordance with the provided resource constraints 
identified in the resource calendar. The resulting schedule maximizes the 
utilization of the resources by scheduling on an assignment basis. The 
assignments are individually scheduled into the next available time-slot of 
the resources, thus, eliminating idle time where a resource is under- 

25 utilized. 
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DECLARATION AND POWER OF ATTORNEY 



Attorney's Docket No. 13237-1530 



As named inventor, I, Neelamadhaba Mahapatro, hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. I believe I am an original, and 
first inventor of the subject matter which is claimed and for which a patent is sought on the invention entitled: SYSTEM 
AND METHOD FOR GENERATING A SCHEDULE BASED ON RESOURCE ASSIGNMENTS, the specification 
of which the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, 
as amended by any amendment referred to above. I do not know and do not believe that the same was ever known or used 
by others in the United States of America before my invention thereof, or patented or described in any printed publication 
in any country before my invention thereof or more than one year prior to the date of this application. I further state that 
the invention was not in public use or on sale in the United States of America more than one year prior to the date of 
this application. / understand that I have a duty of candor and good faith toward the Patent and Trademark Office, and I 
acknowledge the duty to disclose information which is material to the examination of this application in accordance with 
Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35. United States Code, §119 (a)-(d) of the foreign application(s) for 
patent or inventor's certificate listed below, and have also identified below any foreign application for patent or inventor's 
certificate disclosing subject matter in common with the above-identified specification and having a filing date before that 
of the application on which priority is claimed: 

Application No. Country Filing Date Priority Claimed Under 35 USC $119 

NONE Yes No X 

I hereby claim the benefit under Title 35, United States Code, § 1 19(e) of any United States provisional application(s) 
listed below: 

NONE 

(Application No.) (Filing Date) (Application No.) (Filing Date) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and, 
insofar as the subject matter disclosed and claimed in the present application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, United States Code §1 12, 1 acknowledge the duty to 
disclose material information as defined in Title 37, Code of Federal Regulations, §1.56 which became available between 
the filing date of the prior application and the national or PCT international filing date of this application: 

A pplication Serial No. Filing Date Status: patented pending, abandoned 



NONE 



I further declare that all statements made herein ot my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 1 8 of the United States Code, and that such willful false statements may jeopardize the validity of the application or 
any patents issuing thereon. 

POWER OF ATTORNEY: The following attorneys are hereby appointed to prosecute this application and transact all business 
in the Patent and Trademark Office connected therewith: Anthony B. Askew - 24,154; Roger T. Frost - 22,176; Jeffrey E. Young 
- 28 490- Robert E. Richards - 29,105; John R. Hams - 30,388; Stephen M. Schaetzel -31,418; Larry A. Roberts - 31,871; 
Thomas A Hodge, - 22,602; Charles L. Warner II - 32,320; Gregory T. Gronholm - 32,415; Dale Lischer - 28,438; Peter G. 
Pappas - 33,205; James Dean Johnson - 31,771; Nora M. Tocups - 35,717; W. Scott Petty - 35,645; Daniel J. Warren - 34,272; 
Larry W Stults - 34,025; Hubert J. Barnhardt III - 36,739; Virginia L. Carron - 37,110; Leona G. Young - 37,266; Jamie L. 
Greene-32 467- William A. Hartselle - 36,548; Holmes J. Hawkins III - 38,913; Mary Anthony Merchant - 39,771; Michael J. 
Mehrman'- 40,086; William L. Warren - 36,714; Felipe J. Farley - 38,445; F. Leslie Bessenger III - 39,108; James A. 
Witherspoon - 36,723; Brenda M. Ozaki - 40,339; James D. Withers - 40,376. 

Send correspondence to: JONES & ASKEW Direct telephone calls (404) 818-3700 to: 

191 Peachtree Street, N.E., 37th Floor 

Atlanta, GA 30303-1769 W. Scott Petty 



Full name of inventor: Neelamadhaba Mahapatro 



Citizenship: India 



Residence and Post Office Address: 9930 1 82nd Ct. NE, Redmond, Washington 98052 



Inventor' 
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